indoors (Weschler, 2006) . Despite lower indoor concentrations, there remains the potential for human health impacts at low ozone levels (Bell et al., 2006) . In some guidance documents,
48
indoor levels are recommended to be reduced to "as low as reasonably achievable" (ASHRAE, 49 2011). Also, better understanding of indoor exposures for air pollutants of outdoor origin can 50 improve epidemiological estimates (Özkaynak et al., 2013) . In the case of ozone, evidence 51 suggests that indoor-outdoor ozone relationships may, in part, explain variability in ozone 52 mortality coefficients across US cities (Chen et al., 2012) .
53
The predominant source of indoor ozone is transport from outdoors along with ventilation air. In 54 some circumstances, indoor sources may be present including photocopiers and printers (Tuomi 55 et al., 2000) , air cleaners that produce ozone as a byproduct (Waring et al., 2008) , or ozone indoor air quality models of the reactive uptake of ozone on building interior surfaces.
98
Another important feature is that few studies have explored the influence of occupancy (e.g., in 99 office buildings) on ozone-surface reaction dynamics. Some studies (Wang and Morrison, 2006; 100 Wang and Morrison, 2010; Cros et al., 2012) have examined ozone deposition velocities in 101 occupied residential buildings. Nonetheless, ozone chemistry in occupied office buildings 102 warrants special attention as it can influence building-related health symptoms, comfort, and 103 productivity (Apte et al., 2008 , Wargocki et al., 1999 . Furthermore, occupancy patterns in 104 office buildings coincide with the daytime periods during which outdoor ozone concentrations 105 are commonly elevated.
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Based on this background, the objectives of the present study are 1) to investigate the diurnal 107 behavior of ozone-surface reactions for three common interior finishing materials: ceiling tile, painted drywall, and carpet tile; and 2) to examine the ozone-surface reaction dynamics for the 109 same materials conditioned in an occupied office building. In addition, considering the range of 110 office environmental conditions, the present study also examines the effects of air temperature 111 and humidity on ozone-surface reaction dynamics. 
Methods
113
We measured ozone reaction rates in test chambers for three common indoor materials sourced 114 from Singapore. Rates were parameterized in terms of deposition velocities and reaction 115 probabilities. Materials were exposed under controlled conditions to a diurnally varying pattern 116 of ozone concentration. Independent variables included temperature and relative humidity. In 117 addition to measuring ozone reaction rates on new materials, we also conditioned the materials 118 by exposing samples for periods of one and two months to the air in an occupied office.
119
This section describes the detailed experimental investigation in the following order: 1) test 120 materials, 2) experimental apparatus, 3) the procedure to determine deposition velocity and 121 surface reaction probability, 4) protocols for examining ozone-surface reaction resulting from 122 material exposure in occupied indoor environments, and 5) quality assurance protocols. 
Selection of test materials
124
Three types of common interior finishing materials -carpet tile, painted drywall, and ceiling material samples were placed on a foil backing to restrict ozone exposure to one primary surface.
142
The nominal material surface area exposed to bulk chamber air was 200 cm 2 for each tested 
Environmental chamber and test conditions
151 Figure 2 shows the experimental apparatus employed to study the ozone-material surface 
Parameterizing ozone reaction rates on test materials
182
The measured ozone concentrations were used along with material surface area, chamber volume,
183
and air exchange rate to determine the ozone deposition velocity. Ozone deposition velocities to 184 each material were calculated by applying a time-dependent material balance for ozone in 185 chamber air, shown in eq 1:
In eq 1, C(t) = ozone concentration in the chamber (ppb), C supply = supply ozone concentration coverage in an office; therefore S/V ratio of 2 m -1 is deemed appropriate.
197
The ozone deposition velocity was determined by means of discretizing eq 1 explicitly with 198 respect to time and solving for the ozone deposition velocity, as shown in eq 2:
Eq 2 was solved using time-varying measured ozone concentrations with 5-min time steps (∆t = 201 300 s).
202
The deposition velocity was further parameterized through resistance-uptake theory that models 203 ozone uptake to a surface as the sum of serial resistances describing two governing processes:
204 transport to the surface and surface reaction kinetics, as shown in eq 3 (Cano- Ruiz et al., 1993) .
In eq 3, v t is the transport-limited deposition velocity (cm/s), γ is the reaction probability (-), and 
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Effects of surface conditioning in occupied indoor environments
230
The rate of ozone-surface reactions may change with time as materials are exposed to conditions 
256
This procedure led to stable moisture content of the material sample, which was confirmed by 257 observing variation by < 0.5% in the outlet temperature and RH condition over a 2-h monitoring 258 period. Uncertainty in determining deposition velocity was evaluated to be ±9% based on 259 combining in quadrature the instrument error (±7%) for the ozone analyzer, errors for airflow 260 measurements (±0.5%) and sample area measurements (±5%). 
Results and Discussion
262
This section is organized into four subsections. We present 1) time-varying ozone deposition is largest when the material is initially exposed to ozone; as ozone-reactive sites are consumed,
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14 the rate of reaction slowly decreases as evidenced by the higher average ozone mixing ratio 278 across the second 8-h exposure (27.9 ppb) period as compared to the first (26.3 ppb). surface of the materials that we tested.
304
For the tested fresh material samples, the deposition velocity across all conditions was the 305 highest for the first hour of ozone exposure as compared to subsequent ozone exposure periods.
306 Table 1a provides a detailed summary of average deposition velocities for fresh samples across 307 all environmental conditions.
308
The deposition velocity values observed in this study are similar or slightly elevated relative to with the reaction probability determined here about 50% higher than the value reported by Reiss 323 et al. Removal of ozone on carpets has been reported in several previous studies.
324
Determinations for the carpet studied in this work agree well with the findings of the studies by 
Effects of indoor temperature and humidity on deposition velocities
337 Figure 5 shows the effects of humidity and temperature on the measured average deposition 
369
Deposition velocity estimates were combined with the transport-limited deposition velocities to 370 determine ozone-material reaction probabilities according to eq 3. Table 1b for each of the temperature and humidity conditions tested. As shown in Table 1 , the deposition 374 velocity and corresponding reaction probability are consistently highest during the initial hour,
375
and the values are lower for day 2 than for day 1. The calculated reaction probabilities for the 376 first hour are in the range of (2.6-3.3) × 10 -5 for ceiling tile, (3.4-6.5) × 10 -5 for painted drywall, 377 and (3.9-6.2) × 10 -5 for carpet tile. Comparing the first hour with the day 2 average, one finds 378 that the reaction probability decreases by a proportion ranging from 7% to 47% (median = 26%) 379 across materials and test conditions. with exposure to clean (ozone-free and particle-free) air supply during the nighttime interval.
380
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391
We conducted supplementary experiments to investigate how the reactivity with ozone might be 392 influenced by exposures to air in an ordinary occupied office environment. 
M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT
Highlight
• We examine ozone reaction with indoor surfaces considering diurnal ozone variation.
• Ozone deposition velocities are highest during the initial hour of ozone exposure.
• Surface-ozone reaction probability can decrease or increase in the occupied space.
• Influence of temperature and humidity on ozone-surface reactivity is moderate.
